INTRODUCTION
Plant conservation strategies are based on general premises that allow a standardized system for evaluating the risks to the survival of rare species, like the categories proposed by the IUCN in 2001 (MorenoSaíz, Domínguez & Saínz-Ollero, 2003) . However, plants differ greatly in biological traits and environmental requirements, making it difficult to apply a single system to all species (Schemske et al ., 1994; Tear et al ., 1995) . This is particularly true for the clonally and the alternatively sexual/asexual reproducing plant species where effective population sizes cannot be estimated on an individual plant-counting basis, and where population boundaries can be confounded by interbreeding (Ellstrand & Roose, 1987) . Basic genetic studies can contribute to implement appropriate conservation schedules for endangered species considered in different IUCN categories (IUCN, 2001) . In many countries, this information is lacking for most of the protected floras (Clark, Reading & Clarke, 1994; VVAA, 2000) , thus compromising the ability of workers to undertake efficient conservation management.
Steppe plant species have received little attention in conservation plans of most continental European countries (de Klem, 1997) because their endemic flora has a predominant Mediterranean, Arctic-Alpine or Atlantic component. However, steppe ecosystems in the Iberian Peninsula host many endemic taxa that show resemblances to counterparts inhabiting similar ecological niches in central and western Asia and in northern Africa but are otherwise unique in Europe (Castro-Parga et al ., 1996; Lobo, Castro & MorenoSaíz, 2001) .
Puccinellia pungens (Pau) Paunero is a diploid, 2 n = 14 (Paunero, 1959; Julià & Montserrat-Martí, 1988) , halophytic steppe grass that is thought to be an Iberian relict of the Tertiary continental IranoTuranian flora (Montserrat-Martí & MontserratMartí, 1986; Julià & Montserrat-Martí, 1988; Saínz-Ollero, Franco-Múgica & Arias-Torcal, 1996) . Lineages of this floristic element probably reached the Iberian Peninsula during the Messinian crisis of the Miocene ( c . 6-5 Mya) when the Mediterranean basin suffered its most severe drought (Hsü et al ., 1977; Bocquet, Wilder & Kiefer, 1978; Robertson & Grasso, 1995) . These species were well adapted to the harsh conditions of the cold inland saline basins that still occur as spotted areas.
Although P. pungens has always been treated as a 'caespitose' perennial grass since its description (Paunero, 1959; Julià, 1991; Saínz-Ollero et al ., 1996; Puente, 2000) and, consequently, as an almost strict sexually reproducing plant, like most of the caespitose species of the genus (Davis & Manos, 1991) , field observations allowed us to infer some potential vegetative propagation on this species. The P. pungens plants exhibited a certain degree of pseudorrhizomatous tillering that produced 'crown-shaped' tussocks from which clonal propagules broke apart giving rise to isolate ramets that were difficult to distinguish from seed-borne individual genets. Despite high percentages of seed viability in germination tests (Albert, Iriondo & Pérez-García, 2002) , no attempts were made to investigate in situ seedling recruitment, which could return lower survival rates from seed-borne individuals compared with clonal, already established ones. Clonal spread cannot only contribute to a disproportionate number of genetically identical offspring, but could also lead to an underestimate of the levels of genetic variability and gene flow within and among populations by reducing the effective population size (Ayres & Ryan, 1997) . Clonally reproducing plants deviate from panmictic populations that reproduce sexually. Thus, the assessment of genotypic identity among individuals may have direct implications for accurate interpretations of biological processes and the genetic dynamics of a species (Sydes & Peakall, 1998; Ivey & Richard, 2001) .
Puccinellia pungens occupies a narrow range at the Teruel and Zaragoza provinces of Aragón (eastern Spain) where it inhabits the surrounding margins of inland temporarily flooded salt-water lagoons at elevations of 995-1300 m (Saínz-Ollero et al ., 1996) . The plant was described from Royuela (Teruel) populations (Paunero, 1959) , where it is presently known from two small endorheic basins, but is more common in the locality of Gallocanta (Zaragoza-Teruel), where it forms an almost continuous concentric belt around the main lagoon (Fig. 1 ). This spot, of c . 25 km 2 , is the largest western European continental saline lake and the main wintering shelter for the common crane and other migratory birds. P. pungens occurs on bare, saline soils with little competition from other halophytes (Saínz-Ollero et al ., 1996) . Estimates of population size for P. pungens were thought to be over 1 million individuals in Gallocanta concentrated in an area of less than 30 km 2 . In Royuela, Saínz-Ollero et al . (1996) estimated a few hundred P. pungens indi- 
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Pp08 10 km Royuela Pp07 viduals growing in similar habitats in less than 1 km 2 . The conservation status of P. pungens has been debated recently. Populations of this plant were severely affected by different human perturbations in the last few decades, with the loss of habitat being the main threat to this species. Changes in the management of unploughed fields to ploughed and cultivated fields for cereal production, coupled with water contamination and climate change have led to the decline in P. pungens populations. These threats to P. pungens and its rarity prompted its inclusion as a species 'at risk of extinction' in the National catalogue of threatened plants (BOE no. 82, R.D. 439/1990 of 30 March) . It was also included in Annexes II and IV of the Habitats Directive and was considered as 'strictly protected' in the Bern Convention (Saínz-Ollero et al ., 1996) . P. pungens was one of the seven species catalogued as 'at risk of extinction' by the Autonomous Government of Aragón (BOA no. 42, D. 49/1995 of 28 March) , and has been the subject of two European LIFE projects (Puente, 2000; Anonymous, 2001; Moreno-Saíz et al ., 2003) .
In spite of the dreadful conditions that almost led to the extinction of P. pungens in some parts of Gallocanta lagoon, this species has shown an extraordinarily capability for recolonization since the area was protected as a natural reserve for birds in 1979 (ZEPA, CEE Directive 409/79). Recent demographic censuses of this species, conducted during the development of the LIFE project, reported larger population estimates than those previously recorded (cf. Saínz-Ollero et al ., 1996) , totalling 46 million and 10 million for the Gallocanta and the Royuela sites, respectively (Puente, 2000; Anonymous, 2001) . These results prompted some authors to recommend the inclusion of P. pungens in a lower-risk category of threat, and thus it was classified under the rank of 'vulnerable', based on the IUCN (1994) subcriteria B1 + 2ce D2, in the Spanish Red list of vascular flora (VVAA, 2000) . These newer assessments were based on population censuses as indirect estimates of the species conservation status and did not explore other aspects of the biology, such as genetics.
Because of the controversy raised by the different conservation categories proposed for this species by different public institutions, and because no other biological or genetic studies have yet been undertaken on this taxon, we decided to conduct a population genetic survey of P. pungens . Our study was intended to comply with one of the main objectives of the present P. pungens recovery plan by establishing the levels of genetic variability and structure of its populations, and by comparing the genetic data with biological and ecological traits that could help to establish appropriate strategies for its future protection. Given the importance of genetic diversity to buffer against environmental changes and intrinsic factors (i.e. inbreeding depression and gene loss, cf. Ellstrand & Elam, 1993) that could threaten the survival of rare species, successful management plans can only be devised by combined knowledge of both biological and genetic data. Population genetic analyses also contribute greatly to conservation goals by providing measurements of genetic variability of the populations, the degree of gene flow, and the presence of unique alleles (González-Candelas & Montolío, 2000) . We chose allozymes as a source of molecular data for our study of P. pungens because these codominant markers can easily infer genotypes in diploid species. In addition, we can compare our results with previous allozyme studies in other species of Puccinellia (Jefferies & Gottlieb, 1983; Davis & Manos, 1991; Davis & Goldman, 1993) and with compilations of allozyme data from plants with similar life histories and ecological strategies (Hamrick & Godt, 1989 Hamrick et al ., 1991) .
MATERIAL AND METHODS
P OPULATION SAMPLING
In total, 270 individuals from nine populations were sampled covering the entire distribution range of P. pungens (Fig. 1) . Fresh leaves were collected at a distance of > 5 m from each other, to avoid the sampling of recently propagated clones from the same tussock, and kept on ice until enzyme extraction. This sampling scheme was easily accomplished in the Gallocanta lagoon, where populations are large and cover relatively broad areas. However, in the demographically impoverished populations at Royuela, samples were collected at distances of 2 m or less.
Thirty samples were collected in each population. Six populations were regularly sampled along the most densely populated but spatially isolated P. pungens masses of the Gallocanta salt-water lagoon: Pp01 (Zaragoza: Gallocanta, Aguanares), Pp02 (Zaragoza: Berrueco, Balsa de Tobeñas), Pp03 (Teruel: Tornos/Bello, Lagunazo Hondo), Pp04 (Teruel: Bello, Las Hoyuelas), Pp05 (Teruel: Bello, La Reguera), and Pp06 (Zaragoza: Las Cuerlas, Observatorio), whereas in the more altered and less densely populated areas of the two Royuela salt-water lagoons only three populations could be sampled: Pp07 (Teruel: Royuela, Dehesa de la Balsa), Pp08 (Teruel: Royuela, Torre de La Masía-1) and Pp09 (Teruel: Royuela, Torre de La Masía-2) (Fig. 1) .
A LLOZYME ANALYSIS (Wendel & Weeden, 1989) . The alleles were numbered consecutively commencing with the most anodal form.
D ATA ANALYSIS
Population genetic parameters and estimators of partitioning of diversity, such as allelic frequencies, mean number of alleles per locus, and population ( A p ), proportion of polymorphic loci ( P ) at the 95 and 99% criteria (i.e. when the most frequent allele is at a frequency < 0.95 and < 0.99, respectively), heterozygosity values ( H O , mean observed heterozygosity; H E , mean unbiased heterozygosity; Nei, 1978) , gene diversity within populations ( H S ), total gene diversity ( H T ), gene diversity among populations ( D ST ), and coefficient of population differentiation ( G ST ), and fixation indices ( F IS ), were calculated at both the species level and the geographical range level using GENETIX (Belkhir et al ., 2004) . Supplementary genetic diversity indices, such as A (mean number of alleles per locus), U (number of exclusive alleles), and P (1) (average frequency of exclusive alleles), were computed with GENESTAT (Whitkus, 1988 ), both at the species level and within each geographical region. Significant deviations of the fixation index (F IS ) from Hardy-Weinberg expectations were estimated with FSTAT vs. 2.9.3 (Goudet, 2001) . Further tests were conducted with this program to calculate if the Weir and Cockerman F IS and F ST (the G ST analogue) indices from the two geographical regions were significantly different from zero and from the another geographical division. Relationships among populations were constructed using the neighbour-joining method (Saitou & Nei, 1987) based on the chord distance (Cavalli-Sforza & Edwards, 1967) using the program POPULATIONS (Langella, 2000) . The resulting neighbour-joining phenogram was plotted using MEGA2 (Kumar et al., 2001 ) and the significance of branches was assessed through 1000 replicates of bootstrap analysis (Felsenstein, 1985) . The assessment of relationships between individual genotypes was based on the Cavalli-Sforza and Edwards' metric and was analysed through principal coordinates analysis and minimum spanning tree (Dunn & Everitt, 1982) using NTSYSpc vs. 2.11a (Rohlf, 2002) . This analysis intended to reveal the degree of geographical clustering of the different genotypes. A two-dimensional visualization was completed with the superposition of the minimum spanning tree on the corresponding plot.
Population structure was analysed by means of analysis of molecular variance (AMOVA; Excoffier, Smouse & Quattro, 1992) using ARLEQUIN vs. 2.000 (Schneider, Roessli & Excoffier, 2000) . The analysis was conducted at two hierarchical levels, one of them considering all populations belonging to the same group, and the other one separating them into the two geographical ranges (Gallocanta vs. Royuela) where they occur. Gene flow among populations was estimated from the private allele method (Slatkin, 1985; Barton & Slatkin, 1986) where the number of migrants per generation (Nm) is a function of the average frequency of private alleles in one population (Godt, Hamrick & Bratton, 1995) . Calculations of Nm were conducted in GENEPOP vs. 3.3 (Raymond & Rousset, 1995) following the method of Barton & Slatkin (1986) . Isolation by distance was assessed through a correlation Mantel test between Slatkin's linearized F ST values and geographical distances computing 1000 nonparametric permutations in NTSYS v.2.1 (Rohlf, 2002) .
Population genotypic diversity was estimated based on the number of potential and distinguishable multilocus genotypes [G/N, where G is the number of distinct multilocus genotypes (MLG) per population and N the sample size; Ivey & Richards, 2001] .
RESULTS
Twenty putative loci, apparently coding for 12 enzymes, were scored. We found a single locus each for ADH, MNR, 6PGD, and SKD; two loci each for AAT, ACO, ALD, IDH, PGI, PGM, and TPI; and three loci for MDH. DIA showed the same banding profile as MNR in all the studied individuals, so the putative genotypes were scored once for DIA. CAT and ME showed poor or null activity, and ALD2 and EST could not be scored due to poor resolution. Thus, these were not included in the study.
Eleven of the 20 scored loci were polymorphic, rendering 25 variable alleles out of a total of 35 alleles. Table 1 summarizes the allele frequencies for the polymorphic loci. The number of alleles observed per locus was low, with a maximum of three at three of the analysed loci (ADH, PGI2, and PGM2, Table 1 ). Genetic diversity indices were also low overall, population Pp07 showing the higher genetic variability values ( Table 2 ). The mean number of alleles per locus (A) ranged from 1.10 (Pp06 and Pp09) to 1.55 (Pp07). Percentages of polymorphic loci were also low at the 95 (5-20%) or 99 (10-45%) criteria. Observed and expected heterozygosities (H O , H E ), were similarly low for all the populations of P. pungens (ranging from 0.033: Pp01, Pp06 to 0.075: Pp07, H O and from 0.028: Pp06 to 0.081: Pp07, H E , respectively) ( Table 2) .
The genetic diversity indicators (Table 3 ) revealed low levels of total genetic diversity at the species level (H T = 0.045). However, slightly higher values were (Table 3 ). In spite of the low levels of genetic diversity found in the P. pungens populations, some population × polymorphic locus combinations showed slight excess of heterozygous individuals, whereas others showed the opposite pattern (Table 4) . Overall, F IS values within populations were significant for a heterozygote excess in two populations (Pp02 and Pp03; Table 4 ). Additionally, several exclusive alleles were detected among populations of each of the two areas (Table 3) . Five of those alleles were found in Royuela and three in Gallocanta, although they were present in low mean frequencies in both cases (< 0.020 and < 0.015, respectively). The neighbour-joining tree based on chord distances (Cavalli-Sforza & Edwards, 1967) depicted low pairwise distances among populations of P. pungens (Fig. 2) . However, some groupings among populations of Gallocanta were relatively well supported by bootstrap analysis. Genetic distances were lowest among the Gallocanta populations, which grouped together in a poorly supported cluster (Fig. 2) . By contrast, genetic distances were higher among the Royuela populations and between Royuela and Gallocanta geographical ranges. The Royuela populations did not form a cluster. The population sampled in one of these disturbed lagoons (Pp07) showed the highest patristic distance (Fig. 2) although it is closer to the other Royuela populations than to the Gallocanta ones.
AMOVA conducted considering all populations belonging to a unique group corroborated that most of the genetic variability resides within populations (95.88%, P < 0.001), whereas only a small fraction of it Table 3 . Genetic diversity statistics at species and geographical region levels (4.11%, P < 0.001) is found among populations. This same analysis conducted between the two geographical ranges also attributed most of the genetic variation to the within-population rank (93%, P < 0.001) although this analysis separated the Gallocanta and Royuela areas by a small, but significant, percentage of the total genetic variance (5%, P < 0.001). Estimates of gene flow between populations revealed high numbers of migrants per generation (Nm = 2.19) based on the mean frequency of eight private alleles and converged in similarly high values in areas where populations grow in close contact (Nm = 7.31 among Gallocanta populations and Nm = 2.58 among the Royuela ones). Among population pairs, estimations vary from an infinite number of migrants between four different populations of Gallocanta (Pp02, Pp03, Pp04, Pp06) and between two populations of Royuela (Pp08 and Pp09) to Nm = 1.5-3.5 between population Pp07 of Royuela and populations from Gallocanta.
Correlation between genetic and geographical distances was moderate (r = 0.511), but significant (P < 0.001), indicating some degree of isolation by distance. Forty different MLGs were detected across the nine analysed populations of this species, which varied considerably in frequency and distribution in each population. The maximum number of possible MLGs detectable within each population ranged from nine (two polymorphic loci in the less variable populations Pp06 and Pp09) to 78 732 (nine polymorphic loci in the most variable population Pp07). The number of genotypes found was, however, considerably lower than those figures in the most variable populations representing a very small percentage of all possible ones (i.e. Pp07, < 0.001%). However, in the less variable populations, the MLGs found were highly representative of the total maximum (i.e. Pp09, 77%). The average of observed genotypes per population (excluding the highly variable Pp07) was 8.25, which corresponds to an average 4.31% of the maximum possibly genotypic diversity within populations. Most of the studied individuals (74.8% of the total) were represented by only four genotypes (MLG1, MLG2, MLG3, and MLG7). MLG2 was present in all populations of P. pungens, accounting for almost half of the total surveyed individuals (41.5%) and showing the highest percentages within both the Gallocanta and the Royuela ranges (44.4 and 35.5%, respectively). Populations from Gallocanta are genetically homogeneous, as 75% of their individuals had the three commonest MLGs (MLG1, MLG2, MLG3); by contrast, populations from Royuela are more variable, especially Pp07, which showed up to 17 MLGs, of which 12 were private. The number of individuals genetically distinguishable ranged from 63.3% (Pp07) to 16.6% (Pp06), with an average of 31.4% per population (27.4% excluding Pp07). The superposition of the minimum spanning tree on the bidimensional plot of the principal coordinates analysis, based on allozymes, showed three main clusters of MLGs in the space defined by the two first axes that accumulated 50.2 and 35.2% of the variance, respectively (Fig. 3) . There was little geographical structure in this spatial distribution of MLGs, as those showing the higher frequencies were shared by populations of both areas. The MLGs detected in lower frequencies appeared mostly directly related to any of the four more frequent ones, and only those genotypes related to MLG7, predominantly present in Royuela, formed a subcluster restricted to this area.
DISCUSSION GENETIC VARIABILITY AND LIFE HISTORY TRAITS OF
P. PUNGENS
For the first time, our study has documented the low levels of genetic variation in the Iberian endemic steppe grass P. pungens, both at the population (H E = 0.028-0.081, Table 2 ) and the species level (H T = 0.045, Table 3 ). These values are much lower than those reported for other plant species sharing the same biological traits. P. pungens is a perennial, allogamous grass that shows high percentages of pollen viability and seed-set (Julià & Martín-Villodre, 1994; Puente, 2000) and thus it was expected to have similar levels of allozymic variability as found in other herbaceous, wind-pollinated outcrossers or in plants with alternative sexual and asexual reproduction (H T = 0.194; Hamrick & Godt, 1989 . Levels of allozyme variability are also lower than those reported for other Puccinellia taxa (A p = 1.45; P = 34.76; H E = 0.109; Jefferies & Gottlieb, 1983; Davis & Manos, 1991; Davis & Goldman, 1993) , although most of the analysed species in those studies were polyploids. By contrast, the low levels of genetic diversity found in P. pungens are comparable with those recorded for other narrowly distributed plants (H T = 0.036-0.096) (Waller, O'Malley & Gawler, 1987; Lesica et al., 1988; Soltis et al., 1992; Hamrick & Godt, 1996; Godt, Walker & Hamrick, 1997; Godt & Hamrick, 1998; Segarra-Moragues & Catalán, 2002) , as well as for the extremely narrowly distributed endemic P. parishii Hitchcock, a diploid North American steppe halophyte (A p = 1.0; P = 0.00; H T = 0.00; Davis & Goldman, 1993) . The higher ratio of vegetative spread compared with the frequency of sexual reproduction is another factor that could contribute to reduce the amounts of genetic variation detected because sampling schemes may fail to detect clonal individuals from seed-borne ones in the field. However, our sampling schedules were aimed at avoiding this possibility by sampling individ- uals from tussocks separated by 5 m or more. The reproductive system of P. pungens has always been considered to be predominantly sexual (Julià & Martín-Villodre, 1994) , an assumption supported by the high percentages of pollen viability (Julià & Martín-Villodre, 1994 ) and seed-set (> 90%) (Puente, 2000) and the high percentages of ex situ germination tests (> 88%) (Puente, 2000; Albert et al., 2002) . However, there are no reports on seedling recruitment success for this grass species to date. The significant lack of genetic variability found in P. pungens might be related to the low levels of success of the individuals produced by cross-pollination. In various diploid Puccinellia taxa, seed germination percentages and germination velocity indices show a strong response to salinity stress (Moravcová & Frantík, 2002) , being a common response of other halophyte taxa (i.e. Cladium jamaicense Crantz, Ivey & Richards, 2001 ; Plantago crassifolia Forssk., Vicente et al., 2004) . Although some species are more alkaline tolerant than others, high concentrations of NaCl, like the ones present in natural saline environments, might completely inhibit the germination of the seeds, thus preventing the recruitment of genetically variable individuals (Vicente et al., 2004; Boscaiu et al., 2005) . Therefore, the survival of the P. pungens soil seed bank and the rate of seed germination would also fluctuate, depending on the season and the water levels. The small amount of genotypic diversity found in P. pungens might be related to the low levels of seedling establishment and a predominance of the spread of clones already adapted to these harsh conditions (Kreivi et al., 2005) . In this manner, germination and seedling establishment tests under salt-stress conditions would be highly rewarding to validate this hypothesis. The results presented here point towards an influence of the life history traits of P. pungens, related to severe glacial and postglacial population genetic drifts followed by limited founder events, in its underlying levels of genetic variation. The low levels of genetic diversity of P. pungens may be related to the past demographic history of the species. Strong population bottlenecks followed by recent population expansion may also have produced the observed pattern of unrecovered genetic variability as mirrored by the slow mutating allozymes. Significant excess of heterozygotes in two populations of the Gallocanta lagoon (Pp02, Pp03; Table 4 ) might be indicative of either departure from random mating or recent population expansion. Although reproductive strategy and Quaternary history might explain the low genetic variation detected in P. pungens in the Royuela populations, the slightly higher variation points towards a different cause. This striking finding parallels a similar anomalous case reported for the threatened plant Helonias bullata L., for which several populations more limited in size and vigour were genetically more variable (Godt et al., 1995) . The large, almost continuous, Gallocanta populations might be expected to have a higher genetic variation than the smaller, more isolated Royuela ones. This is because the loss of rare alleles through potential past genetic drift, if any, is expected to have happened stochastically more often in the latter populations. However, these populations (particularly Pp07) have higher genetic and genotypic diversity and a greater number of private alleles and exclusive MLGs than the Gallocanta ones, suggesting a different history for the Royuela populations. The more variable Royuela populations might represent relictual stocks, with a more ancient origin (Godt et al., 1995) , a result further supported by the basal position of these populations in the cluster analysis (Fig. 2) , whereas those at Gallocanta could have been established more recently and still suffer genetic results of the founder effects. Recent land use history in the two regions supports this latter hypothesis.
GEOGRAPHICAL STRUCTURE OF GENETIC VARIATION AND GENE FLOW IN P. PUNGENS
Our study revealed that most of the genetic variation in P. pungens was distributed within populations (Tables 3, 5 ). This is not a surprising finding for a wind-pollinated perennial grass species (Hamrick & Godt, 1989 , where populations within each geographical area are at short distances. The coupled effect of the dispersal of pollen by wind and the dispersal of seeds by grazing animals will probably return the high levels of gene flow among populations of the same geographical area, especially at the high population densities of the Gallocanta lagoon. However, a stronger spatial structure of the genetic variation was expected among the two geographical areas in which P. pungens is distributed, provided that their separation is by approximately 80 km of linear distance. Surprisingly, only a small fraction (5% , Table 5 ) of the genetic variation accounted for the differences between both ranges. We argue that the estimated levels of gene flow found between both ranges could not be the result of long distance dispersal of pollen or seeds, especially in a plant that barely exceeds 15 cm in height and that shows limited seed sowing. The dispersal of seeds by migratory birds could not account for such genetic homogeneity between both ranges, because the reduced size and depauperate state of the Royuela lagoons makes them unable to be visited by the birds that usually feed at Gallocanta.
Nonetheless, our estimated numbers of migrants are highly significant and difficult to explain on the basis of the current geographical separation of both ranges. The existence of two separate geographical ranges for this taxon with little genetic differentiation between them indicates that they diverged more recently. The high plateaux and surrounding areas of c. 1000 m of altitude where P. pungens occurs today were probably heavily impacted during the climatic changes of the Quaternary. These remnant populations could have become genetically depleted and consequently low levels of variation were preserved until present. This was coupled with a more recent increase in extensive agricultural practices in the area that could have favoured losses of potential habitats formerly occupied by this species and that added further population bottlenecks to the existing ones. This has been demonstrated by the extinction of populations at the nearby lagoon of La Zaida, which was completely desiccated three decades ago (MontserratMartí & Gómez-García, 1983; Anonymous, 2001) and by the severe damage caused in the 1960s and 1970s to the Gallocanta lagoon, when part of its surrounding halophyte vegetation belt was drained and ploughed for cereal cultivation (Anonymous, 2001) . These missing areas could have contributed to maintain the gene flow between the currently extant areas, a linkage that was stopped after the isolation of these two ranges. The short time interval probably impeded the fixation of divergent alleles in these isolated localities, rendering weak, but significant (P < 0.001), genetic differentiation between the two geographical areas.
The spatial distribution of populations of P. pungens might be a further factor in explaining these genetic differences found among the Gallocanta and Royuela ranges. Whereas in Gallocanta, populations of this grass form an almost continuous 25 km circumference belt around the large lagoon, the Royuela populations form narrow, discontinuous borders around small endorheic basins that cover no more than 3-4 km 2 and that are separated from each other by 2 km mountain slopes. Therefore, gene flow is greater between the intermixed populations of Gallocanta than between the relatively isolated ones of Royuela (Nm = 7.31 vs. Nm = 2.58, respectively), these contributing more to the genetic differentiation between the two areas.
CONSERVATION STATUS OF P. PUNGENS AND MANAGEMENT STRATEGIES
The low genetic diversity and little genetic differentiation among geographical regions detected with allozymes, together with the biological features of P. pungens, support the hypothesis of recent Quaternary divergence of both Gallocanta and Royuela ranges. A clonal propagation system in this grass, possibly enhanced by man-mediated activities, coupled with low rates of seedling establishment in its hypersaline habitat are also factors that could have contributed to reduce the chance of new genetic variants appearing. The extent to which low genetic variation constitutes a generalized feature of the P. pungens genome could be tested with other more variable DNA markers (such as the amplified fragment length polymorphisms or microsatellites). Nonetheless, our present allozyme data allow us to conclude that the P. pungens populations are more genetically depleted than other members of the genus that have been studied with the same molecular tools. More probably, our results indicate that populations of P. pungens have radiated and expanded only very recently without having had enough evolutionary time to diverge.
The evolutionary scenario pictured for the P. pungens populations should have direct consequences on the conservation strategies of this endangered plant. One of the main results of our study was to demonstrate that, despite the large demographic estimations given to populations from the Gallocanta and Royuela ranges, their genetic variability is extremely low. These results show that the populations of P. pungens are more threatened than the current IUCN threat classification system reflects for the species ('vulnerable'; VVAA, 2000) .
Although a change in threat category cannot be made on genetic data alone, our results agree with the (Barreno et al., 1984; Anonymous, 2001 ). This category should be maintained until more detailed studies on the biology and genetics of this plant are performed. It is of extreme importance to protect the populations of P. pungens at Royuela, where they were recently put at risk due to progressive habitat destruction, as they might preserve the oldest genetic vestiges of genetic diversity and differentiation of this taxon (Tables 2-4 ). The area of P. pungens at Gallocanta represents a different case. There, a series of populations intermix along the concentric belt of this broad lagoon, having expanded very recently from a few reduced founder lines. The human-mediated disturbances contributed decisively to the genetic impoverishment of this metapopulation that was at one time in danger of extinction. Despite the capability shown by the grass to recolonize the newly acquired habitat in a short time span, the individuals (genets and ramets) could not yet have acquired enough genetic diversity to ensure buffering against environmental change (Ellstrand & Elam, 1993) . This issue has often been neglected for many endangered plants, but should be regarded in the conservation management of a species. Factors other than habitat destruction seem to be less likely to affect the viability of populations in this area in the short term, which is now controlled from sheep pasturing but visited periodically by migrating birds that occasionally forage on this grass species. However, grazing by mammals and birds is a common feature of the environment of many Puccinellia species that have adapted to tolerate this stress (Kotanen & Rosenthal, 2000; Wang & Yuan, 2001; Zacheis, Huppo & Ruess, 2001) , except for few Puccinellia taxa that produce tannins considered to be deterrents to herbivory (Volz & Clausen, 2001) . The allocation of resources to vegetative spread, as seen in P. pungens, is a common trait in grazed halophytes (Jefferies & Rudmik, 1991; Wang & Yuan, 2001; Wang, 2001 ), a reproductive mechanism that does not contribute genetic variation to the populations.
Conservation management of P. pungens was initially focused on the cultivation of individuals, the establishment of a seed germplasm bank for experimental reintroductions, and translocation of individuals for population reinforcements. However, P. pungens seems to be, in the short term, more sensitive to habitat loss than to genetic impoverishment, as demonstrated by its extinction at the nearby lagoons (Montserrat-Martí & Gómez, 1983; Anonymous, 2001 ) that have not been spontaneously recolonized since. Therefore, assuming collections of material could be representative of the genetic diversity of the populations, there is no evidence that reintroductions could successfully strengthen the population genetic status based on the low diversity values observed in most populations (Tables 2-4) . Nonetheless, it would be advisable to preserve the genetic differentiation observed in the two geographical regions occupied by this taxon and especially that of the most ancestral and variable population Pp07 of Royuela. Therefore, translocation of P. pungens between Gallocanta and Royuela areas is not recommended.
